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Abstract
Japanese swine producers purchase breeding pigs on a regular basis from either domestic or international
breeding stock suppliers to improve their sows' productivity. The purchased breeding pigs are replacement
gilts or grandparent pigs that are used to produce home-grown replacement gilts. In order to improve the
proliˆcacy of sows it is particularly important to increase the number of pigs born alive. Stock suppliers im-
prove the performance of their breeding pigs, so there are diŠerences in reproductive performance of breeding
pigs sold by diŠerent suppliers. However, there is no information about a comparison for reproductive perfor-
mance between breeding stock suppliers. Therefore, the objective of the present study was to compare the
reproductive performance of sows on breeding farms between three groups of breeding stock supplier (SSG).
A questionnaire requesting information about breeding stock suppliers was sent to the producers of 115 farms
that used the PigCHAMP recording system. Returned questionnaires from 96 farms (83.5) were coordinat-
ed with the reproductive data of individual sows extracted from the recording system. The data included
167,180 parity records of 58,217 sows which farrowed from 2007 to 2008. Farms were classiˆed into three
groups, namely SSG 1, 2 and 3. The SSG 1 comprised farms purchasing breeding pigs from domestic suppliers
that raised breeding stocks domestically from Landrace and Large White pigs. The SSG 2 and SSG 3 com-
prised farms purchasing breeding pigs from international stock suppliers that imported their breeding stocks
from the U.S.A. and Europe, respectively. Two-level mixed-eŠects models were applied to the data by using a
farm at level 2 and an individual record at level 1. The proportions of SSG 1, 2 and 3 sows in all parity records
were 69.1, 18.5 and 12.4, respectively. Sows in SSG 1 had 0.6 to 1.1 more pigs born alive in parity 3 or
higher than those in SSG 3 (P＜0.05). Also, in parity 1 to 2 SSG 2 had 0.9 more pigs born alive than SSG 3. In
addition, parity 1 sows in SSG 2 had more pigs weaned than those in SSG 3 (P＜0.05), but there were no
diŠerences between the SSGs for the number of pigs weaned in parity 2 or higher. Also, there were no diŠer-
ences between the SSGs for weaning-to-ˆrst-mating interval or farrowing rate in any parity group. Further-
more, no diŠerences were found between the SSGs for either parity at culling or adjusted 21-day litter weight.
In conclusion, there were some diŠerences between SSGs for the numbers of pigs born alive and pigs weaned,
but there were no such diŠerences for lactational performance, fertility or longevity. To increase proliˆcacy
performance, it is necessary for producers to consider the genetic improvement achieved by diŠerent breeding
stock suppliers.
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Introduction
Swine producers have to keep purchasing breeding
pigs from the same supplier to improve herd produc-
tivity, so purchasing breeding pigs is a part of the
production system. Japanese swine producers pur-
chase breeding pigs from either domestic or interna-
tional breeding stock suppliers (JFS, 2005). The pur-
chased breeding pigs are either replacement gilts or
grandparent pigs that are used for producing home-
grown replacement gilts through the internal multipli-
cation programs on the commercial farms. Therefore,
replacement gilts in the swine industry are either pur-
chased directly or developed internally through the
farms' own multiplication programs.
The domestic stock suppliers improve their
purebred lines in Landrace and Large White. These
two breeds were originally imported from the U.S.A.
and Europe during the latter half of the 20th century,
and since then the purebred lines have been improved
by the domestic Japanese breeding stock suppliers. In
contrast, international stock suppliers continuously
import their breeding stocks of maternal lines and sire
lines from the U.S.A. or Europe to multiply the exist-
ing stocks that produce commercial lines of oŠspring
for marketing in Japan.
The stock suppliers improve their breeding pigs for
better reproductive performance, and so there are
diŠerences in reproductive performance of sows be-
tween the diŠerent commercial genotype lines mar-
keted by the stock suppliers (Rathje, 2000; Moeller et
al., 2004). One of the most important measurements
for improving the proliˆcacy of sows on breeding
farms is the number of pigs born alive (PBA).
In order for producers to improve their herds'
reproductive productivity and proˆtability, it is criti-
cal for them to choose a stock supplier whose breed-
ing pigs are suited to their production systems (Stal-
der et al., 2000; Moeller et al., 2004). However, there
is no information comparing the reproductive perfor-
mance of sows between diŠerent breeding supplier
groups (SSG) in Japan. Reproductive performance of
sows on farms can be analyzed as a multi-level struc-
ture, which includes a sow fed within a farm. Thus,
the objective of the present study was to compare
reproductive performance of sows using multi-level
analysis on Japanese farms purchasing breeding pigs
from diŠerent SSGs.
Materials and methods
1. Stock supplier information
In March 2009, a questionnaire was sent to the
producers on 115 farms that used the PigCHAMP
recording system (PigCHAMP Inc., Ames, IA,
U.S.A.) in order to obtain information about their
suppliers for breeding pigs. The producers were re-
quested to supply the name of the suppliers from
which they purchased their breeding pigs. By Novem-
ber 2009, completed questionnaires had been received
from 98 (85.2) of the farms. Two of these farms
were excluded from the present study because they
were producing only Berkshire purebred pigs. There-
fore, 96 farms were included in the present study.
The farms were classiˆed into three groups based
on the origin of the suppliers: SSG 1 comprised farms
purchasing breeding pigs from domestic suppliers,
while SSG 2 and SSG 3 comprised farms purchasing
breeding pigs from international breeding companies
that imported their breeding stocks from the U.S.A.
and Europe, respectively.
2. Deˆnitions and categories
Average pig weight at weaning was deˆned as the
litter weight at weaning divided by the number of pigs
weaned. Adjusted 21-day litter weight was deˆned as
the weaning litter weight for a sow, which was adjust-
ed to 21 days of age, parities 36 and 10 piglets per lit-
ter (Culbertson et al., 1997; NSIF, 20022003). The
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litter weights for sows are automatically calculated by
the software system. Farrowing rate was estimated as
the number of sows that farrowed divided by the num-
ber of ˆrst serviced sows multiplied by 100. Sows
were classiˆed into six parity groups: 1, 2, 3, 4, 5 and
6 or higher.
3. Exclusion criteria for sow reproductive per-
formance data
Information about the stock suppliers was coordi-
nated with the performance data of individual sows
that were extracted from the PigCHAMP recording
system. The initial dataset contained 167,353 parity
records of 58,360 sows farrowed in 2007 and 2008,
and included 53,268 records with age of gilts at ˆrst-
mating. In the dataset, data were excluded if parity
records showed zero total number of pigs born (54
parity records of 41 females) or showed no pigs
weaned (119 parity records of 102 females). In addi-
tion, 738 records were omitted where the age of gilts
at ˆrst-mating was either less than 150 days or more
than 365 days, because they were considered to be
extreme (Tummaruk et al., 2001; Babot et al., 2003).
Therefore, the resulting dataset, Dataset 1, comprised
167,180 parity records of 58,217 sows, 52,530 records
with age of gilts at ˆrst-mating and 35,015 records for
farrowing rate, age of gilts at ˆrst-mating and longevi-
ty measurements.
Further records were excluded for the following
reasons. Weaning litter weight and post-weaning per-
formance records of sows with lactation length 013
days were excluded (1,614 parity records) because
these sows were likely to have had poor lactational
performance (Xue et al., 1993). Sows with lactation
length of 29 days or longer (4,465 parity records), or
sows with 16 or more pigs weaned were excluded
(3,819 parity records) because these sows were consi-
dered as being used as nurse sows. Sows with 3 or
fewer pigs weaned were also excluded because their
suckling intensity was not strong enough to suppress
the resumption of estrus during lactation (1,012 pari-
ty records; Stevenson and Britt, 1981). Records of
sows with a weaning-to-ˆrst-mating interval of 120
days or more were omitted because this interval was
considered to be extreme (30 parity records; Le
Cozler et al., 1997). Finally, records with no mating
data (21,487 parity records) were also excluded. The
resulting dataset, Dataset 2, was used for post-wean-
ing performance analyses and it comprised 134,753
parity records of 33,518 sows on the 96 farms. Addi-
tionally, one farm had no records for adjusted 21-day
litter weight or average pig weight at weaning. Conse-
quently, the data integrity of weaning litter weights
on each farm was evaluated on the remaining 95
farms by their normality using either the Shapiro-
Wilk test (W＞0.95) or the Kolmogorov-Smirnov test
(D＜0.05). These tests showed that weaning litter
weight records of sows on 14 farms were not normally
distributed, and so they may not have been recorded
correctly. Therefore, the adjusted 21-day litter weight
records and the records of average pig weight at
weaning on these farms were removed. Preliminary
analysis showed no diŠerences in either the adjusted
21-day litter weights or the average pig weight at
weaning between the dataset of the original 95 farms
and the 81 farms remaining after the normality
checks. Therefore, the dataset for the remaining 81
farms, Dataset 3, comprising 91,021 parity records of
30,174 females on the 81 farms was used to analyze
weaning weight performance.
4. Statistical analysis
All statistical analyses were performed by SAS
(SAS Inst. Inc., Cary, NC, U.S.A.). Two-level analy-
sis was applied by using a farm at level 2 and an in-
dividual record at level 1. A multi-level model was
used to account for the hierarchic structure of the
individual females within a farm (Singer, 1998). A
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n Mean±SE1 n Mean±SE n Mean±SE
Age of gilts at ˆrst-mating,
day 36,134 250±1.7a 10,361 225±8.8b 6,035 258±4.6a
Parity at removal2 24,771 5.2±0.09 6,733 5.6±0.48 3,511 5.6±0.26
Parity at culling 21,570 5.5±0.10 5,465 6.0±0.52 3,141 5.8±0.28
Parity at death 2,369 3.8±0.08 929 4.0±0.32 368 4.2±0.21
Parity at euthanasia3 69 4.0±0.33 339 4.3±0.48 1 ―
ab Values within a row followed by diŠerent superscript letters diŠer (P＜0.05).
1 Mean and SE were estimated by the two-level mixed eŠects model.
2 Numbers of transferred females in SSG 1, 2 and 3 were 751, 0 and 1, respectively. Twelve of the 24,771 sows in SSG 1 included in
the comparison of parity at culling had not recorded removal type.
3 A comparison was only performed between SSG 1 and SSG 2 because only 1 sow was removed in SSG 3.
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linear mixed-eŠects model using the MIXED proce-
dure with a Tukey-Kramer multiple comparisons test
was applied to compare by-parity reproductive perfor-
mance and longevity of sows between the SSGs. The
SSG was treated as farm-level information (Singer,
1998). A mixed-eŠects logistic regression model us-
ing the GLIMMIX procedure with contrasts was used
for binary variables, i.e. whether or not a sow far-
rowed (farrowing rate; 1 or 0).
A statistical model was constructed to compare
overall sow performance between the SSGs. The
dependent variables were reproductive performance,
lactational performance and longevity of sows. The
independent variable was SSG. Farrowing year was
also treated as a ˆxed eŠect to adjust for year-to-year
variation. Lactation length was included as a covariate
when the dependent variables were weaning perfor-
mance and post-weaning performance. The farm and
3 four-monthly farrowing periods within a farm were
included as random intercepts when the dependent
variables were measurements with various parities.
The 3 four-monthly farrowing periods were used to
account for part of the correlations of data within a
sow. The mean and SE in the Results were estimated
by using mixed-eŠects models in the two-level analy-
sis, and are presented. Normality of the residuals in
each of the ˆnal models was evaluated by using the
normal probability plots and Kolmogorov-Smirnov
test (Little et al., 2006).
Results
The proportions of the 167,180 parity records in
SSG 1, 2 and 3 were 69.1, 18.5 and 12.4, respective-
ly. Meanwhile, the respective proportions of the 96
farms were 85.4, 3.1 and 11.5. Also, the means
(±SEM) of farm female inventory in SSG 1, 2 and
3 were 338±49.5, 2,268±795.7 and 440±107.8
females, respectively.
Table 1 shows comparisons between the SSGs for
age of gilts at ˆrst-mating and longevity. Age of gilts
at ˆrst-mating in SSG 1 was 25 days higher than in
SSG 2 (P＜0.05). There was no diŠerence between
the SSGs for parity at removal, for any removal type.
Lactation length in SSG 1 was 4.2 days greater than
that in SSG 2 (P＜0.05; Table 2). Sows in SSG 1 also
had 0.6 to 1.2 more total numbers of pigs born than
those in SSG 3 in parity 4 or higher (P＜0.05), but
there were no such diŠerences between the SSGs in
parities 1 to 3. With regard to PBA, SSG 1 sows in
parity 3 or higher had 0.6 to 1.1 more PBA than those
in SSG 3 (P＜0.05). Also, in parity 1 to 2 SSG 2 had
0.9 more PBA than SSG 3. In addition, sows in SSG 2
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Table 2 A comparison between three groups of breeding stock suppliers for average parity at farrowing, lactation




n Mean±SE1 n Mean±SE n Mean±SE
Average parity at farrowing
115,635 3.6±0.06 30,859 3.7±0.31 20,686 3.9±0.16
Lactation length, day
115,635 22.7±0.23a 30,859 18.5±1.22b 20,686 21.7±0.64ab
Total number of pigs born, pigs
1 23,172 11.0±0.06b 5,590 12.1±0.29a 3,367 11.1±0.17b
2 20,369 11.5±0.06b 5,161 12.4±0.29a 3,057 11.4±0.17b
3 18,492 12.3±0.07 4,780 12.8±0.34 2,838 12.0±0.19
4 16,210 12.6±0.08a 4,390 12.8±0.37a 2,654 12.0±0.21b
5 13,570 12.7±0.09a 3,933 12.6±0.42ab 2,494 11.8±0.24b
6 or higher 23,822 12.5±0.09a 7,005 12.2±0.42ab 6,276 11.3±0.23b
Number of pigs born alive, pigs
1 23,172 10.1±0.07ab 5,590 10.8±0.32a 3,367 9.9±0.18b
2 20,369 10.7±0.06ab 5,161 11.2±0.30a 3,057 10.3±0.17b
3 18,492 11.4±0.07a 4,780 11.4±0.36a 2,838 10.8±0.20b
4 16,210 11.4±0.08a 4,390 11.2±0.38ab 2,654 10.7±0.21b
5 13,570 11.3±0.09a 3,933 10.7±0.44ab 2,494 10.4±0.24b
6 or higher 23,822 10.8±0.08a 5,590 10.1±0.41ab 6,276 9.7±0.22b
Number of pigs weaned, pigs
1 23,172 8.9±0.12b 5,590 11.5±0.60a 3,367 8.6±0.32b
2 20,369 9.6±0.10 5,161 10.3±0.48 3,057 9.1±0.26
3 18,492 9.4±0.10 4,780 10.2±0.52 2,838 9.0±0.28
4 16,210 9.2±0.11 4,390 10.1±0.55 2,654 8.7±0.29
5 13,570 8.8±0.11 3,933 9.8±0.54 2,494 8.5±0.29
6 or higher 23,822 8.2±0.11 5,590 9.3±0.53 6,276 8.0±0.28
ab Values within a row followed by diŠerent superscript letters diŠer (P＜0.05).
1 Mean and SE were estimated by the two-level mixed eŠects model.
Table 3 A comparison between three groups of breeding stock suppliers for adjusted 21-day litter weight and by-




n Mean±SE1 n Mean±SE n Mean±SE
Adjusted 21-day litter weight, kg
56,289 64.4±0.55 25,697 58.2±2.62 9,035 61.8±1.61
Average pig weight at weaning, kg
1 11,795 6.4±0.05a 3,992 5.6±0.21b 1,662 6.3±0.13a
2 10,475 6.7±0.06a 4,285 5.9±0.26b 1,537 6.7±0.16a
3 9,348 6.7±0.06a 4,152 5.9±0.27b 1,407 6.7±0.17a
4 8,079 6.6±0.06 3,820 5.9±0.28 1,227 6.7±0.17
5 6,479 6.5±0.06a 3,470 5.9±0.26b 1,035 6.5±0.16ab
6 or higher 1,0113 6.5±0.05a 5,978 5.9±0.25b 2,167 6.4±0.15ab
ab Values within a row followed by diŠerent superscript letters diŠer (P＜0.05).
1 Mean and SE were estimated by the two-level mixed eŠects model.
Breeding stock suppliers and reproductive performance of sows
had more pigs weaned than those in SSG 3 in parity 1
(P＜0.05), but there were no diŠerences between the
SSGs for the number of pigs weaned in parity 2 or
higher.
There was no diŠerence between the SSGs for ad-
justed 21-day litter weights (Table 3). However, the
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average pig weights at weaning were 0.6 to 0.8 kg
greater in SSG 1 than SSG 2 in all parity groups, ex-
cept for parity 4 (P＜0.05). Finally, there were also
no diŠerences between the SSGs for weaning-to-ˆrst-
mating interval or farrowing rate in any parity group.
The mean (±SE) weaning-to-ˆrst-mating intervals of
sows in SSG 1, 2 and 3 were 6.9±0.15, 6.3±0.76 and
6.9±0.40 days, respectively, and the respective far-
rowing rates of sows were 85.8±0.70, 89.7±2.69 and
85.6±1.91.
Discussion
We showed that there was a diŠerence of 0.61.1
PBA between the three SSGs across parities. This
ˆnding is consistent with a previous study showing
diŠerences of 0.92.4 PBA between genotype lines in
sows in the U.S.A. (Moeller et al., 2004). In addition
to genotype line eŠects, breeding stock suppliers pro-
vide their producers with management guidelines to
optimize their genetic potential (Newsham, 2012;
PIC, 2012). These management guidelines, such as
feeding programs, direct boar contact and appropriate
timing of mating, have been shown to improve PBA
(Kemp and Soede, 1996; Kemp et al., 2005; Kanko
and Koketsu, 2012). Therefore, the supplier eŠects
on PBA appear to include female genetic potential
and recommended management guidelines.
For parity 3 or higher, the higher PBA in SSG 1
compared to SSG 3, despite the lack of any diŠerence
in the number of pigs weaned, could be due to in-
creased preweaning mortality and fostering practices
for sows with higher PBA (Straw et al., 1998;
Koketsu et al., 2006). The four most common causes
of preweaning mortality are crushing by the sow, low
birth weight, starvation and diarrhea (Serenius and
Stalder, 2004; Koketsu et al., 2006). Also, fostering
practices are widely used on commercial farms to im-
prove preweaning mortality and preweaning growth
performance (Straw et al., 1998). Therefore, the
number of pigs weaned was more likely to be associat-
ed with these types of management procedures rather
than be due to genotype diŠerences between the
SSGs.
Our study showed that the lactation length of sows
in SSG 1 was about 4.0 days longer than that of sows
in SSG 2, and also that the average pig weight at
weaning of sows for SSG 1 was 0.6 to 0.8 kg greater.
It is likely that the lower average pig weights at wean-
ing in SSG 2 are due to the short lactation length, be-
cause piglet weight increases by approximately 200 g
for each day of extra lactation (NRC-NRS, 1998).
Age of gilts at ˆrst-mating is associated with
management decisions and age at puberty, and the
general recommendation for ˆrst-mating in gilts is
when the second or third estrus is detected (JFS,
2005; Kummer et al., 2006). However, there are
diŠerences in recommendations between organiza-
tions. For example, the recommended target age for
ˆrst-mating of mature body size gilts is 210 days
(Newsham HP), whereas the Japanese Feeding Stan-
dard for Swine recommends 240 days (JFS, 2005).
Therefore, the diŠerence between the SSGs of 34
days in the age of gilts at ˆrst-mating appeared to
re‰ect the diŠerent management guidelines of the
SSGs.
The lack of any diŠerences between the SSGs for
weaning-to-ˆrst-mating interval or farrowing rate in-
dicates that these fertility measurements are not high-
ly associated with the origin of breeding stock suppli-
ers. The estimated heritability for weaning-to-ˆrst-
mating interval is low, varying between 0.03 and 0.14
(Adamec and Johnson, 1997; Hanenberg et al., 2001,
Holm et al., 2004). Additionally, it has been reported
that the estimated heritability for farrowing rate was
very low, being 0.03 or lower through 6 parities
(Hanenberg et al., 2001). Therefore, diŠerences in
fertility measurements are more likely to be linked
with other farm management procedures and environ-
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mental conditions rather than with genotype. For ex-
ample, the weaning-to-ˆrst-mating interval of sows is
associated with feed intake during lactation, uterine
involution, sucking stimulus and ambient temperature
(Koketsu and Dial, 1997; Suriyasomboon et al., 2006;
Iida and Koketsu, 2013). Furthermore a study of 30
U.S.A. farms with four female lines, suggested that
the farm eŠect is larger than the genotype line eŠects
of sows (Usui et al., 2014).
Our study also showed no diŠerences in adjusted
21-day litter weight between the SSGs. Adjusted
21-day litter weight is related to milk yields in lactat-
ing sows (King et al., 1993), so this indicates that
SSG was not related to lactational performance on the
studied farms. There was also no diŠerence between
SSGs in parity at culling, which indicates that SSG
was not related to longevity of sows. Additionally,
selection for sow longevity is not commonly practiced
in any pig breeding program (Serenius and Stalder,
2004).
In conclusion, the origin of breeding stock suppliers
has an eŠect on PBA in Japan, although the diŠer-
ences disappear by the time the litters are weaned in
parity 2 or higher. To increase proliˆcacy measure-
ments, producers need to consider the genetic im-
provement in PBA achieved by breeding stock suppli-
ers, because PBA is a critical proliˆcacy measurement
of sows, and it has increased during the last decade
(Chen et al., 2003; Bergsma et al., 2009).
Finally, it is noteworthy that this present study was
not a controlled experiment, but was an observational
study performed using commercial farms. In addition,
the farms that participated in the present study were
not randomly chosen from all commercial farms in
Japan. Even with such limitations, the present study
provides valuable information for veterinarians and
producers on the how diŠerent SSGs can aŠect
reproductive performance of sows.
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養豚繁殖農場における導入種豚元は分娩時生存子豚数に影響あり








の起源を基に SSG 1, 2, 3 に分類した。SSG 1 は日本の種豚会社から，種豚を購入している農場グループとし
た。SSG 1 の使用品種はランドレースと大ヨークシャーである。SSG 2 および SSG 3 はそれぞれ米国および
欧州から原種豚を輸入している会社から種豚を購入している農場グループとした。分析には母豚をレベル 1，
農場をレベル 2 とした 2 階層混合効果モデルを用いた。SSG 1, 2, 3 の産次数の記録割合はそれぞれ69.1,
18.5, 12.4であった。3 産次以上において SSG 1 の母豚は SSG 3 の母豚より分娩時生存産子数が0.61.1頭
多かった（P＜0.05）が，1, 2 産次ではそのような違いはなかった。離乳子豚数は，1 産次で SSG 間で差があ
ったが，その他の産次では差がなかった。淘汰産次と補正21日齢一腹子豚体重は SSG 間で差がなかった。全
産次で離乳後初回交配日数および分娩割合においても，SSG 間で違いが認められなかった。結論として，分
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